Membrane phospholipids as an energy source in the operation of the visual cycle.
Biology depends on the coupling of the free energy of hydrolysis of phosphate esters, such as ATP, to drive processes which would otherwise be thermodynamically unfavorable. Carboxyl esters are like phosphate esters in their ability to hydrolyze with substantial negative free energies, enabling them to participate in group transfer processes as well. In particular, membrane phospholipids constitute an enormous store of potential energy that could be used to fuel energetically unfavorable processes. One such process involves the biosynthesis of 11-cis-retinal, the chromophore of rhodopsin, from all-trans-retinol (vitamin A). The difference in free energy between an all-trans retinoid and its corresponding 11-cis retinoid is approximately 4 kcal/mol. This energy is provided for in a minimally two-step process involving membrane phospholipids as the energy source. First, all-trans-retinol is esterified in the retinal pigment epithelium by lecithin retinol acyl transferase (LRAT) to produce an all-trans-retinyl ester. Second, this ester is transformed into 11-cis-retinol by an isomerohydrolase in a process that couples the negative free energy of hydrolysis of the acyl ester to the formation of the strained 11-cis-retinol.